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Abstract
Aim: This study aims to investigate the association between placental insufficiency
and complications in extremely preterm infants in the context of ischemic placen-
tal disease (IPD), including preeclampsia, small-for-gestational-age (SGA), and
placental abruption.
Methods: Infants born between 22 and 28 weeks of gestation were classified into
IPD and non-IPD groups, matched 1:1 by gestational age and sex. The incidence
of neonatal complications was analyzed.
Results: Analysis included 48 infants in each group. The IPD group had a signifi-
cantly lower birth weight (IPD vs. non-IPD: 679 g vs. 979 g, p < 0.001), whereas the
non-IPD group was characterized by a higher prevalence of spontaneous preterm
births (12% vs. 79%, p < 0.001) and a significantly higher incidence of histological
chorioamnionitis (CAM) (15% vs. 50%, p < 0.001). The IPD group showed a signifi-
cantly higher incidence of bronchopulmonary dysplasia (BPD) compared to the non-
IPD group (85% vs. 48%, p < 0.001), with no significant differences in other compli-
cations such as intraventricular hemorrhage, retinopathy of prematurity, and necro-
tizing enterocolitis. Logistic regression identified IPD as a significant risk factor for
BPD (odds ratio [OR] [95% confidence interval]: 9.4 [2.8–31.8], p < 0.001), along
with preeclampsia (OR: 4.9 [1.3–18.3], p = 0.01) and SGA (OR: 31.9 [5.9–171],
p < 0.001). CAM was not associated with BPD (OR: 0.6 [0.2–1.7], p = 0.45).
Conclusions: Placental insufficiency, manifesting as IPD, is strongly associated
with an increased risk of BPD in extremely preterm infants.
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INTRODUCTION

Advances in perinatal and neonatal care have markedly
improved the survival rates of extremely preterm

infants.1,2 However, these advancements are often
accompanied by an increased risk of complications
among survivors, particularly neurodevelopmental
impairments, respiratory diseases, and gastrointestinal
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disorders.3–6 The current focus in perinatal medicine is to
prioritize the prevention and management of postnatal
complications, thereby ensuring that survivors can
achieve long-term health and well-being. Achieving this
goal requires the accurate identification of risk factors for
complications in these infants and the provision of tar-
geted interventions based on these risk profiles.

Recent research indicates that complications in preterm
infants may not solely result from immaturity due to early
gestational age but may also be influenced by underlying
conditions that precipitate preterm birth.7,8 Conditions lead-
ing to preterm delivery are generally classified into two pri-
mary groups: (1) those associated with intrauterine
inflammation, often linked to chorioamnionitis (CAM) and
resulting in spontaneous preterm birth, and (2) those related
to placental abnormalities, leading to placental insuffi-
ciency, as observed in disorders such as preeclampsia (PE).9

Numerous studies have demonstrated an association
between intrauterine inflammation and complications in
extremely preterm infants. Heightened inflammatory
responses and immune activation during the fetal period,
exemplified by fetal inflammatory response syndrome
(FIRS), are recognized as significant contributors to long-
term sequelae, including intraventricular hemorrhage
(IVH), bronchopulmonary dysplasia (BPD), and neurode-
velopmental impairments such as cerebral palsy.10 Con-
versely, the impact of placental insufficiency, encompassing
conditions like PE and small-for-gestational-age (SGA), on
neonatal outcomes remains controversial. For instance,
while some studies have reported an association between
PE and the development of BPD,11–13 others have found no
such link.14,15 These inconsistencies may stem from the
diverse clinical manifestations of placental insufficiency,
including PE, SGA, and placental abruption, as well as the
significant overlap among these conditions.16 This complex-
ity complicates efforts to establish a definitive association
between individual conditions and neonatal complications.

Recently, the novel disease concept of ischemic pla-
cental disease (IPD) has been introduced.17–19 IPD
encompasses conditions such as PE, SGA, and placental
abruption, which share a common pathophysiological
basis involving placental hypoxia and ischemia due to
inadequate trophoblast invasion and suboptimal spiral
artery remodeling during placentation. Despite its poten-
tial relevance, the association between IPD and compli-
cations in extremely preterm infants remains unexplored.
Applying the IPD framework may enhance our under-
standing of the relationship between placental insuffi-
ciency and neonatal complications. Accordingly, this
study aimed to investigate this association in extremely
preterm infants within the context of IPD.

METHODS

This study was approved by the Institutional Review
Board of the University of Tokyo (Approval Number:

2023275NI). Clinical data were collected from electronic
medical records of mother-infant pairs born between
22 and 28 weeks of gestation at the University of Tokyo
Hospital from 2011 to 2022. Exclusion criteria included
intrauterine fetal death, multiple pregnancies, congenital
malformations, chromosomal abnormalities, and congen-
ital infections. This retrospective observational study was
conducted using the opt-out method on the hospital web-
site, following the guidance of the ethics committee and
guidelines.

Active care in our hospital

As previously described,20 in our tertiary care center, when
delivery was anticipated after 22 0/7 weeks of gestation,
parents were included in a shared decision-making process
to determine preferences for active care. Active care
encompassed obstetric and neonatal management strate-
gies, including antenatal steroid administration, cesarean
delivery, neonatal resuscitation, and respiratory support.
Antenatal steroids were administered as two doses of
12 mg betamethasone given 24 h apart, ideally initiated
after 22 0/7 weeks of gestation if delivery was expected
within 1 week. Cesarean delivery was performed for fetal
indications such as abnormal presentation, non-reassuring
fetal status, suspected intraamniotic infection, or maternal
conditions such as PE and placental abruption. For deliv-
eries at 22 weeks of gestation, cesarean sections were per-
formed following the shared decision-making process with
parents and a thorough case-by-case assessment. Standard
neonatal care included immediate intubation after delivery
and surfactant administration shortly thereafter or upon
arrival at the neonatal intensive care unit (NICU), as indi-
cated. The treatment strategies for extremely preterm
infants remained consistent at our institution over the past
decade.

Definition of IPD

IPD was defined as the presence of one or more of the
following complications: PE, SGA, or placental abrup-
tion. PE was defined according to criteria established by
the International Society for the Study of Hypertension
in Pregnancy.21 SGA was classified as birth weight below
the 10th percentile for gestational age based on Japanese
growth charts.22 Placental abruption was identified by
the presence of a retroplacental hematoma observed at
delivery.23

Maternal and fetal characteristics

Gestational age was determined based on the last men-
strual period and confirmed by early pregnancy ultra-
sound. Umbilical arterial blood gas (ABG) samples were
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collected from the clamped umbilical cord immediately
after birth, and umbilical ABG pH was measured
promptly. Spontaneous preterm birth was defined as pre-
term birth directly resulting from the spontaneous onset
of preterm labor or preterm rupture of membranes. The
delivered placenta underwent pathological examination,
and histological CAM was assessed according to Blanc’s
classification,24 focusing on Stage 2 or higher. Respira-
tory distress syndrome (RDS) was defined as cases
requiring surfactant therapy based on a combination of
clinical signs and x-ray findings. BPD was defined as the
requirement for oxygen and/or mechanical ventilation or
continuous positive airway pressure at 36 weeks post-
menstrual age.25 Mechanical ventilation duration was
recorded. IVH and periventricular leukomalacia (PVL)
were diagnosed using cranial ultrasound in the postnatal
period and magnetic resonance imaging (MRI) at dis-
charge.26,27 IVH was defined as Grade 3 or higher, and
PVL included both cystic and non-cystic forms. Necrotiz-
ing enterocolitis (NEC) was defined as Stage 2 or higher
according to the Bell staging criteria.28 Retinopathy of
prematurity (ROP) was defined as cases requiring treat-
ment, including anti-vascular endothelial growth factor
(anti-VEGF) therapy or photocoagulation.29

Statistical analysis

The Mann–Whitney U test was applied to continuous vari-
ables, while Fisher’s exact test was used for categorical vari-
ables. Continuous variables are presented as medians
[interquartile range], and categorical variables are expressed
as numbers (%). To account for the potential influence of ges-
tational age and sex on complications, propensity score
matching (PSM) was performed. Propensity scores were cal-
culated using logistic regression with a caliper width of 0.2,
followed by 1:1 nearest neighbor matching. After matching,
the relationship between IPD and neonatal complications
was analyzed. Kaplan–Meier curves were used to evaluate
the duration of mechanical ventilation support, with differ-
ences assessed via the log-rank test. Hazard ratios (HR) with
95% confidence intervals (CI) were calculated using Cox pro-
portional hazards regression. Univariate analysis identified
significant risk factors, which were further examined using
logistic regression adjusted for gestational age, sex, and ante-
natal steroid to compute adjusted odds ratios (OR) with 95%
CI. All statistical analyses were two-tailed, with a significance
level of p < 0.05. Analyses were performed using GraphPad
Prism version 9.5 (GraphPad Software, San Diego, CA,
USA) and EZR, a graphical user interface for R
(RFoundation for Statistical Computing, Vienna, Austria).30

RESULTS

Figure 1a illustrates the study flowchart. A total of
145 mother-infant pairs satisfied the inclusion criteria,

with all cases receiving active care during the study
period. The IPD group consisted of 54 cases, while the
non-IPD group included 91 cases. The follow-up rate
until NICU discharge was 140/145 (97%), and the sur-
vival rate was 138/145 (95%). Among the IPD group,
24/54 (44%) exhibited two or more of the following
conditions: PE, SGA, and placental abruption
(Figure 1b). Notably, 23/28 (82%) of PE cases were also
diagnosed with SGA. The survival rate at discharge
was 48/53 (91%) in the IPD group and 85/87 (98%) in
the non-IPD group, with no statistically significant dif-
ference between the groups. Among the five cases that
died in the IPD group, two involved placental abrup-
tion, one had SGA, and two presented with both PE
and SGA. Subgroup analysis based on gestational age
revealed that the discharge survival rate for infants
born at 22–25 weeks of gestation was 13/17 (76%) in
the IPD group, compared to 50/52 (96%) in the non-
IPD group, indicating a significantly lower survival rate
in the IPD group (Figure 1c).

F I GURE 1 (a) Flow diagram depicting the details of the infants
included in the study. (b) Venn diagram illustrating the conditions
associated with ischemic placental disease (IPD), including
preeclampsia, small-for-gestational-age (SGA), and placental
abruption. Numbers in circles represent the number of cases for each
condition, while overlapping areas indicate cases with multiple
conditions. (c) Comparison of survival rates at discharge between the
IPD and non-IPD groups. The analysis was performed for gestational
age subgroups (22–25 weeks and 26–28 weeks), as well as the total
cohort. The asterisk (*) indicates p < 0.05.

PLACENTAL INSUFFICIENCY AND BPD RISK 3 of 8



Table 1 presents a comparison of maternal and neo-
natal background factors between the IPD and non-IPD
groups. No significant differences were observed in
maternal characteristics. However, antenatal steroid use
and cesarean section rates were significantly higher in the
IPD group than in the non-IPD group. The IPD group
also exhibited a significantly greater gestational age (26.9
vs. 25.4 weeks, p < 0.001) and a significantly lower birth
weight (679 vs. 769 g, p = 0.002). Furthermore, in the
IPD group, 11/48 (23%) of cases had a birth weight below
500 g, compared to 4/85 (4.7%) in the non-IPD group
(p < 0.001). Among the non-IPD group, 73/85 (86%)
cases were attributed to spontaneous preterm birth, com-
pared to 6/48 (12%) in the IPD group. Additionally, the
IPD group demonstrated a significantly lower incidence
of CAM (15% vs. 56%, p < 0.001). Considering that ges-
tational age and sex influence postnatal
complications,8,31 PSM was applied to adjust for these
factors, resulting in 1:1 matching. Following matching,
48 cases in the IPD group and 48 in the non-IPD group
were compared. The IPD group retained a significantly
lower birth weight (679 vs. 979 g, p < 0.001), while the
non-IPD group maintained a significantly higher inci-
dence of CAM (15% vs. 50%, p < 0.001). Table 2 com-
pares neonatal complication rates between the IPD and
non-IPD groups after matching. The IPD group demon-
strated a significantly higher incidence of BPD compared
to the non-IPD group (85% vs. 48%, p < 0.001). No sig-
nificant differences were observed for other

complications, including IVH, NEC, and ROP. To fur-
ther evaluate the impact of IPD on respiratory outcomes,
the duration of mechanical ventilation support was ana-
lyzed (Figure 2). The analysis revealed that the duration
of mechanical ventilation support was significantly lon-
ger in the IPD group than in the non-IPD group
(HR [95% CI]: 2.3 [1.5–3.6], p < 0.001).

Additionally, logistic regression analyses were con-
ducted to evaluate the impacts of IPD (including its com-
ponents: PE, SGA, and placental abruption) and CAM
on BPD, with each factor individually adjusted for gesta-
tional age and sex. These analyses utilized a total of
133 cases (48 from the IPD group and 85 from the non-
IPD group), representing the study population prior to
PSM (Table 3). The analyses demonstrated that IPD was
significantly associated with the development of BPD
(OR [95% CI]: 9.4 [2.8–31.8], p < 0.001). In contrast,
CAM was not associated with BPD incidence (OR: 0.6
[0.2–1.7], p = 0.45). Furthermore, SGA (OR: 31.9 [5.9–
171], p < 0.001) and PE (OR: 4.9 [1.3–18.3], p = 0.01)
were identified as significant risk factors for BPD
development.

DISCUSSION

The present study examined the association between pla-
cental insufficiency, manifesting as IPD, and adverse out-
comes in extremely preterm infants. Infants born to

TABLE 1 Comparison of maternal and infant characteristics between the ischemic placental disease (IPD) and non-IPD groups.

Number (%)

Before matching After matching

IPD n IPD (�) n p Matched IPD (�) n p

Maternal age / Median (IQR)
(years)

36.5
(33–39)

48 35
(32–39)

85 0.22 36
(32–39)

48 0.40

Body mass index >25 7 (15) 48 11 (12) 85 0.79 6 (13) 48 >0.99

Assisted reproductive technology 12 (25) 48 24 (28) 85 0.83 16 (33) 48 0.50

Multiparous 19 (40) 48 32 (38) 85 0.85 16 (33) 48 0.67

Smoking history 3 (6.2) 48 6 (7.1) 85 >0.99 3 (6.2) 48 >0.99

Antenatal steroid 43 (90) 48 62 (73) 85 0.02 33 (69) 48 0.02

Spontaneous preterm birth 6 (12) 48 73 (86) 85 <0.001 38 (79) 48 <0.001

Histological chorioamnionitis 7 (15) 48 48 (56) 85 <0.001 24 (50) 48 <0.001

Sex (male) 26 (54) 48 41 (48) 85 0.59 25 (52) 48 >0.99

Gestational age
Median (IQR) (weeks)

26.9
(25.9–27.9)

48 25.4
(23.6–27.0)

85 <0.001 26.9
(25.7–27.9)

48 0.99

Birth weight
Median (IQR) (g)

679
(519–792)

48 769
(599–999)

85 0.002 979
(768–1113)

48 <0.001

Birth weight <500 g 11 (23) 48 4 (4.7) 85 0.003 0 (0) 48 <0.001

Cesarean section 47 (98) 48 72 (85) 85 0.02 40 (83) 48 0.03

5 min Apgar score<7 11 (23) 48 37 (44) 84 0.001 21 (45) 47 0.03

Umbilical ABG pH <7.1 7 (17) 42 6 (8.7) 69 0.23 4 (11) 38 0.52

Abbreviations: ABG, arterial blood gas; IQR, interquartile range.
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mothers with IPD demonstrated a significantly increased
incidence of BPD and required prolonged mechanical
ventilation. Additionally, infants born to mothers with
IPD at 22–25 weeks of gestation exhibited significantly
lower survival rates. These findings underscore the cru-
cial role of placental insufficiency as a prenatal risk factor
contributing to both mortality and morbidity in
extremely preterm infants.

PE, SGA, and placental abruption are conditions
associated with placental insufficiency, characterized by
placental ischemia and chronic hypoxia due to inade-
quate uteroplacental blood flow. These conditions
account for over 50% of medically indicated preterm
births.18 Collectively defined as IPD, these conditions
have gained increasing attention in recent years. While
previous studies have investigated the relationship
between individual conditions and outcomes in preterm
infants, none have examined this from the broader per-
spective of IPD, which comprehensively captures abnor-
malities resulting from placental insufficiency. In preterm
births, conditions such as PE, SGA, and placental abrup-
tion frequently coexist.16 In this study, 44% of patients in
the IPD group exhibited two or more of these conditions.
These findings demonstrate that disorders related to

placental insufficiency are closely interconnected in the
context of extremely preterm birth, emphasizing the
importance of evaluating neonatal outcomes within
the framework of IPD.

The present study demonstrated that the IPD group,
characterized by placental insufficiency, exhibited a
stronger association with BPD compared to the non-IPD
group, which predominantly consisted of spontaneous
preterm births often associated with CAM. BPD has tra-
ditionally been considered a condition primarily induced
by lung injury due to excessive mechanical ventilation
and high oxygen exposure following birth.32 However,
with advances in perinatal care, prenatal risk factors have
garnered increasing attention, and CAM has been widely
recognized as a significant contributor to the develop-
ment of BPD.33 In contrast, recent studies have increas-
ingly highlighted the association between placental
insufficiency, particularly SGA, and the development of
BPD.34 While the role of PE in the incidence of BPD
remains debated,11–15 it has been identified as a risk fac-
tor when accompanied by fetal growth restriction.35 In
the present study, PE was observed in 82% of cases with
SGA, suggesting that the coexistence of PE and SGA
may compound the risk of BPD. A key finding of our
study is that our multivariate analysis revealed a stronger
association between placental insufficiency and the devel-
opment of BPD in extremely preterm infants, when com-
pared to CAM.

Few studies have compared the risks of complications
in preterm infants related to placental insufficiency and
CAM in spontaneous preterm birth. One prospective
study examined neonatal complications in two groups of
preterm infants born between 23 and 31 weeks: one
group with mothers who had hypertensive disorders of
pregnancy or SGA, and another with mothers who deliv-
ered due to preterm premature rupture of membranes or
spontaneous preterm labor.8 The study found that the
former group had a higher risk of BPD and ROP, while
the latter group had a higher risk of IVH. These findings
suggest that placental insufficiency is indeed a risk factor
for BPD, aligning with the results of our study. However,
the previous study did not specify the proportion of
CAM in spontaneous preterm births, nor did it include
histological evaluation of the placenta. By addressing

TABLE 2 Comparison of infant complications between the ischemic placental disease (IPD) and non-IPD groups.

Number (%)

IPD n Matched IPD (�) n p

Respiratory distress syndrome 42 (88) 48 42 (88) 48 >0.99

Bronchopulmonary dysplasia 41 (85) 48 23 (48) 48 <0.001

Intraventricular hemorrhage 2 (4.2) 48 2 (4.2) 48 >0.99

Periventricular leukomalacia 1 (2.1) 48 3 (6.2) 48 0.62

Necrotizing enterocolitis 2 (4.2) 48 2 (4.2) 48 >0.99

Retinopathy of prematurity 20 (42) 48 12 (25) 48 0.13

F I GURE 2 Comparison of cumulative incidence of extubation
between the ischemic placental disease (IPD) and matched non-IPD
groups. Kaplan–Meier curves show the proportion of infants still on
mechanical ventilation. The table below the graph lists the number of
infants still on mechanical ventilation at specific time points.
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these gaps, our study further underscores the importance
of placental insufficiency as a risk factor for BPD, partic-
ularly in comparison with CAM.

It is generally accepted that inflammation resulting
from CAM triggers a systemic inflammatory response in
the fetus, thereby increasing the risk of neonatal compli-
cations, including BPD.36 In our study, the number of
clinical CAM cases, diagnosed based on the presence
of maternal fever accompanied by other symptoms, such
as elevated white blood cell count,37 was small, with only
8 out of 133 cases (6.0%). As part of our management
protocol, especially in cases of preterm premature rupture
of membranes, we administer steroids and aim for early
delivery before clinical infection can develop. We hypoth-
esize that most cases underwent cesarean section before
clinical CAM could manifest, thus potentially minimizing
the infection’s impact on the fetus. Additionally, it is well
established that lower birth weight, which leads to a
higher proportion of SGA in the cohort, increases the
risk of BPD.34 In our study, 11% of the infants weighed
less than 500 g at birth. Similarly, a study in which 12%
of infants weighed less than 500 g at birth also reported
that CAM was not a significant risk factor for BPD.38

Therefore, in cohorts with a higher proportion of infants
with low birth weights, birth weight itself is a dominant
risk factor for BPD, which may have attenuated the rela-
tive impact of CAM.

Recent studies suggest that while antenatal steroids
reduce the incidence of RDS, they may increase the risk
of BPD, particularly when birth occurs more than 7 days
after steroid administration.39–42 In this study, 11/43
(25%) of the IPD group and 15/62 (24%) of the non-IPD
group had a ≥7-day interval between steroid administra-
tion and birth, without a significant difference. Even after
adjusting for covariates including antenatal steroid, IPD
remained a significant risk factor for BPD whereas CAM
was not identified as one.

This study has several limitations. As a small-scale
retrospective cohort study, the limited number of placen-
tal abruption cases may have constrained our ability to
comprehensively evaluate its potential association with
neonatal complications. Additionally, the low incidence
of other complications, such as NEC, IVH, and PVL,

resulted in insufficient sample sizes for robust analysis,
highlighting the need for further research. However, the
consistency of perinatal care policies in this single-center
study over the past decade constitutes a strength. In
many countries, the provision of active care for infants
born at 22–23 weeks of gestation remains a subject of
debate due to concerns over potential long-term compli-
cations.43,44 At our institution, active care is provided
while respecting patient autonomy. Consequently, the
findings of this study may not be directly applicable to
other countries or regions.

In conclusion, this study demonstrated that placental
insufficiency, as conceptualized through IPD, is a crucial
factor contributing to the increased risk of BPD in
extremely preterm infants, underscoring its significant
impact on neonatal outcomes.
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